The content of Aesculus pollen in aeroplankton of Lublin, located in central-eastern Poland, was studied during the period 2001-2012. The volumetric method was used for the study. The following parameters were determined: start, end, and duration of the pollen season, days of maximum concentration, and total annual pollen counts. Correlation coefficients were calculated between the start of the pollen season and meteorological parameters. The study showed that during the period 2007-2012 the onset of the Aesculus pollen season occurred on average 4 days earlier than in the years 2001-2006. The total annual pollen counts were in the range of 53-271, with an average number of 117. The average pollen counts did not differ significantly in the first and second year of a 6-year period of the study. The analysis of the correlation coefficients showed that there were significant positive correlations only between the season start date and minimum temperature of the first decade of May. The highest Aesculus pollen concentration occurred between 6 and 22 May. The flowers of A. hippocastanum demonstrate an ambophilous pollination strategy due to partial insect and wind pollination.
INTRODUCTION
The corolla petals (4-5) are white coloured. At the base of the petals, there are yellow spots that turn red after pollination (K u g l e r , 1970; J o h n s o n , 2009).
The flowers of A. hippocastanum are an abundant source of nectar and pollen for insects (M a u r iz i o and G r a f l ,1969; G ű n t e r , 2007; L i p i ń -s k i , 2010). Bees collect nectar and pollen mainly within the area of large cities where plantings of these trees are most frequently found. These insects form dark red or violet pollen loads from horse chestnut pollen (M a u r i z i o and G r a f l , 1969). The pollen of A. hippocastanum is carried not only by insects, but also by the wind. It has been found that the pollen of this species has allergenic properties and may cause pollinosis (S p i e k s m a , 1991).
A. hippocastanum is one of indicator plants whose phenological stages are taken into account in phenological research in different countries of Europe, among others, in Strong damage caused by the feeding of Cameraria ohridella larvae has been observed in Poland since 1998 (Ł a b a n o w s k i and S o i k a ,2003.; W er y s z k o -C h m i e l e w s k a and H a r a t y m , 2011, 2012) . Leaf damage can result in poorer flowering and fruiting of horse chestnut trees.
The aim of the present study was to compare the A. hippocastanum pollen seasons over a period of 12 years in order to:
1. Determine the periods of highest risk to allergy sufferers from the pollen of this taxon; 2. Determine whether climate warming affects pollen production and release in the above--mentioned species; 3. Evaluate whether the trees weakened by the feeding of leaf miner larvae during the last few years produce less pollen.
MATERIALS AND METHODS
The study of the flowers of Aesculus hippocastanum L. and airborne Aesculus pollen content was carried out in Lublin, located in central-east Poland.
5 trees growing in the central part of this city were selected for observation of flowers. The number of flowers and the percentages of 5-petalled and 4-petalled flowers were determined in 10 inflorescences per each tree.
The content of airborne Aesculus pollen was analysed over the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . The investigations were carried out using a standard pollen sampler (VPPS 2000, Lanzoni) , which is located in the city centre at a height of 18 m above ground level on the building of the University of Life Sciences (51 o 14'37˝N and 22 o 32'25˝E, 197 m a.s.l.). The tape in the sampler was changed every 7 days. In a microscopic slide, four longitudinal transects were analysed in which the number of Aesculus pollen grains was determined; this enabled the calculation of the average daily concentration of airborne pollen and subsequently total pollen per m 3 of air within a year. The start and end of the pollen season were determined by the 98% method. The days of maximum pollen concentration were identified in each season.
Several A. hippocastanum trees grew in green spaces near the pollen monitoring site. In the Botanical Garden of the Maria Curie-Skłodowska University, at a distance of 2-3 km, there were few individuals (1-3) of the following other Aesculus species: A. x carnea, A. x hemiacanta, A.x hybrida, A. flava, A. glabra, A. parviflora, A. pavia, and A. turbinata. Spearman's correlation coefficients were calculated between the pollen season start and maximum, mean, and minimum daily temperature, relative air humidity, and rainfall. Correlations were also determined between the pollen season parameters.
RESULTS

Characteristics of flowers
In the panicle-like inflorescences of Aesculus hippocastanum L., numerous scorpioid cymes can be distinguished in which flowers mature from the bottom upwards, which is indicated by the colour of the spots on the petals (Fig. 1A) . The number of flowers in the observed inflorescences was 152-184. The perianth consisted of 4-5 sepals and 4-5 petals. It was found that in the inflorescences there was 56% of four-petalled flowers and 44 % of five-petalled flowers.
The colour attractants in the form of large spots, located on the white petals, were yellow coloured in younger flowers, while in older ones they were pink coloured (Fig. 1B) . In the flower, there were 7-8 stamens that differed in length. At the beginning and at the end of flowering, they were bent downwards (Fig.1B,C) , whereas during pollen shed they became erect (Fig.1B) . At both ends of the anthers, there were red appendages that may perform the role of guides for pollinators ( Fig. 1 C) . The horse chestnut pollen released from the anthers was yellow coloured (Fig. 1 D,E) . The three-parted pistil was characterized by a superior ovary. The upper part of the style and the stigma were red coloured (Fig. 1 F) .
Pollen seasons
Over the study period (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) , the horse chestnut pollen season started on different dates. During the first six years, the onset of the pollen season was observed on 4-10 May, whereas during the next six years the beginning of the season was recorded earlier, i.e. between 28 April and 5 May. The days with maximum pollen concentration occurred between 6 and 22 May, but during the last four years these dates were closer to each other (10-13 May) ( Table 1 ). In the figure showing the pollen season pattern on the basis of the 12-year means, the maximum concentration of Aesculus pollen is on 12 May. Several peaks can be observed in the pattern of the individual pollen seasons (Fig. 2) .
The total annual pollen counts showed large variation between years (Fig. 3) . The highest pollen count (271 pollen grains) was recorded in 2001, while the lowest annual pollen totals were observed in 2003 and 2011 (53 grains in both years). The average annual pollen count for the 12-year study period was 117 grains. Similar annual totals were recorded in the first and second year of a 6-year period of the study: 121 and 112 pollen grains. The figure presenting a comparison of the total annual pollen counts throug hout the study period demonstrates that a 3-year cycle of abundant pollen production can be observed in the Aesculus pollen seasons. The years 2007-2009 are an exception, since they do not fit this rule (Fig. 3) .
The analysis of Spearman's correlation coefficients between the parameters of the Aesculus pollen season shows that there were significant positive correlations only between the duration of the season and its end date (r s = 0.89) as well as between the maximum pollen concentration and the annual total (r s = 0.91). In the longer seasons, later end dates of the seasons were observed. The occurrence of higher total annual pollen counts was correlated with higher maximum pollen concentrations. This relationship can also be seen when Figures 3 and 4 are compared.
Spearman's correlation coefficients were calculated between the start date of the Aesculus pollen season and meteorological conditions: mean, minimum, and maximum temperature, rainfall, and relative air humidity in the third decade of April and in the first decade of May. The obtained data demonstrate that there were significant positive correlations only between the season start date and minimum temperature of the first decade of May. On the other hand, there was a significant negative correlation between the season start date and humidity in the first decade of May (Table 2) . High relative air humidity is not conducive to the onset of the pollen season. The beginning of Aesculus pollen release occurred at an average minimum temperature of 10 o C, while in 2012 it was even 20.7 o C. The figure illustrating the pollen season dynamics and maximum temperatures during the season shows that abundant pollen production is related to higher maximum temperature (Fig. 5) . 
DISCUSSION
According to the data collected during our 12-year study period, pollen shed in species of the genus Aesculus most frequently occurs in May, but during the last several years an earlier start of pollen seasons was observed, e.g. A.hippocastanum produces inflorescences in which very numerous flowers are borne. During our observations, we found that there were 152-184 flowers in a single inflorescence of this species. According to M a u r i z i o and G r a f l (1969), one inflorescence of this taxon can produce 100-300 flowers.
Some plant species show an ambophilous pollination strategy in which partial insect and wind pollination can be distinguished (S t e l l e m a n , 1984).
A. hippocastanum exhibits the features of an ambophilous species belonging to a plant group in which the entomophilous mode of pollination is dominant. Among the ecological features of this species, typical for entomophily, the following secondary attractants should be mentioned: flower size, colour markings, that is, the contrastingly coloured parts of the petals, stamens and stigma, as well as the scent. However, food attractants, i.e. nectar and pollen, play a more important role for insects. Many publications in the literature show the apicultural importance of horse chestnut nectar and pollen (M a u r i z i o and G r a f l , 1969; G ű n t e r , The large number of pollen grains produced by the flower and the constant presence of this taxon's pollen in the air demonstrate that anemophily has some contribution to the system of pollination of A. hippocastanum. One stamen of A. hippocastanum has been found to produce 26,000 pollen grains, one flower 181,000 pollen grains, while a single inflorescence 42 million (K u g l e r ,1970). Nevertheless, the content of Aesculus pollen in aeroplankton, recorded in the present study during the 12-year period, shows that only its small portion is dispersed by air currents. Throughout the whole study period, the maximum annual pollen total was 271 grains. Small amounts of atmospheric Aesculus pollen are also recorded in other countries of Europe where A. hippocastanum grows in the wild. In Croatia, the total annual pollen counts for this taxon ranged 27-1094, depending on the region (P e t e r n e l et al. 2003; S t e f a n i c et al. 2007). In Germany the average annual total of Aesculus pollen for a three-year study period was 44 grains (M e l g a r et al. 2012), while in Italy the average for a 15-year study reached 122 grains (R i z z i -L o n g o et al. 2010 ). These data demonstrate that the number of pollen grains per 1 m 3 of air within a season is many times lower than the number of pollen grains in one stamen of A. hippocastanum.
The pollen of Aesculus shows low allergenic potential (G r a n t S m i t h , 1990). Based on our study, it can be stated that the highest pollen concentrations of this taxon occur in the air of Lublin between 6 and 22 May. This 12-year study did not yield results that would entitle us to conclude that the feeding of Cameraria ohridella larvae contributes to the production of lower amounts of pollen by A. hippocastanum trees.
